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ABSTRACT
Using the integral field unit (IFU) data fromMappingNearbyGalaxies at Apache Point Obser-
vatory (MaNGA) survey, we study the kinematics of gas and stellar components in an edge-on
Seyfert 2 galaxy, SDSS J171359.00+333625.5, with X-shaped bi-conical outflows. The gas
and stars therein are found to be counter-rotating, indicating that the collision between the
inner and external gas might be an effective way to dissipate the angular momentum, which
leads to remarkable gas accretion into the galaxy center. Large [O III]λ5007 equivalent width
and AGN-like line ratio in the large bi-conical region suggest that the gas is ionized by the
central AGN. The gas velocity in the bi-cone region shows that ionized gas is receding relative
to the galaxy center, which could be the joint effect of inflows, outflows and disk rotation. We
are probablywitnessing the case where a great amount of gas in the disk is being efficiently ac-
creted into the central black hole, and the AGN-driven galactic winds are blown out along the
bi-cone. The kinematics of oxygen, including rotation velocity and velocity dispersion, is dif-
ferent from other elements, like hydrogen, nitrogen and sulfur. The rotation velocity estimated
from oxygen is slower than from other elements. The velocity dispersion of other elements
follows galactic gravitational potential, while the velocity dispersion of oxygen stays roughly
constant along the galactic major-axis. The further advanced observations, e.g. of cold gas or
with an IFU of higher spatial resolution, are required to better understand this object.
Key words: galaxies: individual(SDSS J171359.00+333625.5) – galaxies: kinematics and
dynamics
1 INTRODUCTION
The regulation of star formation in galaxies and building-up of their
stellar mass are hot topics and major unresolved issues in the re-
search of the galaxy formation and evolution. Galactic scale winds
in cooperation with the gas feeding and the star formation effi-
ciency are believed to be processes important for understanding of
how galaxies evolve.
About twenty years ago, two seminal papers (Magorrian et al.
1998; Silk & Rees 1998) proposed the idea that the energy released
from an active galactic nucleus (AGN) can heat up and blow out
the cold gas as well as effectively quench the formation of new
⋆ E-mail: chenym@nju.edu.cn
† E-mail: yuanqirong@njnu.edu.cn
stars, in the case of efficient coupling with the interstellar medium
in its host galaxy. Over the last two decades, lots of efforts have
been made in searching for the AGN feedback evidence (Fischer
et al. 2017; Durre´ & Mould 2019), including quantifying the im-
portance of feedback process (Das et al. 2007; Dugan et al. 2017;
Pillepich et al. 2018) in galaxy evolution. Nevertheless, consensus
has not been reached on the effect of AGN feedback, which is as-
sociated with both suppressing and triggering the star formation. In
theory, massive and fast outflows can suppress the star formation
in the host galaxy by removing and heating the ISM. Near-IR IFU
observations of z ∼ 1 − 3 quasars have revealed a spatial anti-
correlation between the location of the fast outflowing gas and the
star formation in the host galaxy(Cano-Dı´az et al. 2012; Cresci et
al. 2015; Carniani et al. 2016). However, only a small fraction of
the outflowing gas may escape the host halo, while a large fraction
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may fall back onto the galaxy at later times(Arribas et al. 2014).
The energy and angular momentum carried by this part of gas may
be injected into the halo, which can heat the gas and prevent it from
cooling, as well as halt the accretion of the fresh gas. Moreover, not
all forms of feedback suppress the star formation. Fast outflows can
also induce the star formation in the galactic disk (Silk 2013) or in
the galactic winds (Ishibashi & Fabian 2012) through the compres-
sion of molecular clouds.
The wealth of observational data from the most advanced
facilities point towards the complexity of physical conditions in
galactic winds. First of all, most of the AGNs in the local universe
are hosted by the spiral galaxies with non-ignorable star forma-
tion. It is unclear whether AGN or star formation activity primarily
drive the winds (Veilleux et al. 2005). Secondly, different physi-
cal mechanisms, i.e. the radiative energy and/or the mechanical ef-
fects (Dekel & Birnboim 2008), can also drive galactic outflows.
It is often unclear which mechanism is dominant for the winds,
and if we are able to disentangle different mechanisms. Identify-
ing the primary driver and physical mechanism of galactic-scale
gaseous winds requires progress in the quality of available data,
which should include multi-wavelength information as well as spa-
tial resolved spectra.
In the cases of spatially resolved spectroscopic observations,
the geometry of the outflows may be helpful for assessing the dom-
inant driving process. For example, Lena et al. (2015) showed that
the base of the outflow in a low-luminosity Seyfert galaxy is coin-
cident with the unresolved nucleus, supporting the hypothesis that
AGN is indeed the predominant ionizing source of the outflowing
gas. Rich et al. (2010) found that gas in NGC 839 is concentrated
in a bi-conical polar funnel, which can be interpreted as shock-
excited superwind. An integral field spectroscopic (IFS) study of
two nearby luminous infrared galaxies (LIRGs), IC 1623 and NGC
3256, exhibited the evidence of widespread shock excitation in-
duced by ongoing merger activity (Rich et al. 2011). Optical IFS
observations of the Mice, a major merger between two massive gas-
rich spirals NGC 4676A and B, uncovered that both galaxies show
bi-cones of the high ionized gas extending along their minor-axis
(Wild et al. 2014). As in the cases above, the AGN, shock or merger
activity can work as the driving mechanism for outflows. The com-
mon characteristic in outflow is the presence of ionized gas in the
bi-cones.
Using long-slit spectra from the Hubble Space Telescope
(HST), Das et al. (2005) presented detailed information on a face-
on galaxy with ionized bi-cone, NGC4151, and proposed a model
with bi-conical NLR (see Figure 12 in Das et al. (2005)). The incli-
nation of the galaxy and bi-cone are 20◦ and 45◦, respectively, thus
the intersection angle is only 25◦. Fischer et al. (2010) and Cren-
shaw et al. (2010) developed geometric models of the NLRs and
the inner disks of MRK 573 and MRK 3. Both models uncovered
the possibility that the inner disk can spatially traverse the cones
in both sides. It can be inferred that a certain number of galax-
ies with bi-conical NLRs are different from the classical model of
M82 where the bi-cone is exactly perpendicular to the disk.
More than 50 years ago, Lynds & Sandage (1963) discovered
an evidence of an explosion at the center of M82. Prior to this, few
works discussed the galactic winds. The progress was restricted
because of the lack of comprehensive data over the full electro-
magnetic spectra at comparable sensitivity and spatial resolution.
Observations of the entire electromagnetic spectrum has become
possible over the last fifty years. Spatially resolved, spectral maps
provided by the IFS enable us to study galactic winds in detail.
Recently, based on the survey of MaNGA, we catch an edge-on
galaxy, SDSS J171359.00+333625.5, with AGN-driven winds. The
discovery of galactic winds with small fibre bundle is great news
for the multi-bundle instruments like SAMI (Fogarty et al. 2012),
MANGA as well as the next big version Hector. We discover clear
bi-conical outflows in this case, as well as detailed gas and stellar
kinematics, which offers an excellent opportunity to study fueling
and feedback processes. The sample selection and methodology of
data processing is presented in Section 2. We show the kinemat-
ics of gas and stars, as well as the ionization status in bi-cone in
Section 3. Our understandings on these results and two unusual
properties of this galaxy are discussed in Section 4. Finally, a sum-
mary is given in Section 5. Throughout this paper, we adopt a set
of cosmological parameters as follows: H0 = 70 km s
−1Mpc−1,
Ωm = 0.30, ΩΛ = 0.70.
2 DATA ANALYSIS
MaNGA is one of three core programs in the fourth-generation
Sloan Digital Sky Survey (SDSS-IV) (Bundy et al. 2015; Law et
al. 2016). MaNGA employs the Baryon Oscillation Spectroscopic
Survey (BOSS) spectrographs (Smee et al. 2013) on the 2.5m Sloan
Foundation Telescope (Gunn et al. 2006). This survey aims to con-
duct IFU observation for a representative sample, which consists
of about 10,000 nearby galaxies with stellar mass log(M∗/M⊙) >
9 and redshift 0.01 < z < 0.15 (Blanton et al. 2017). Two dual-
channel BOSS spectrographs (Smee et al. 2013) provide simultane-
ous wavelength coverage from 3600 to 10,000A˚. The spectral reso-
lution is∼2000, allowing measurements of all strong emission line
species from [O II]λ3727 to [S II]λ6731. The MaNGA sample and
data products used here were drawn from the SDSS Data Release
15 (DR15) (Aguado et al. 2019), which includes ∼4633 galaxies
observed through July 2016 (the first three years of the survey).
Using the demarcation
log([O III]λ5007/Hβ)=0.61/(log([N II]λ6583/Hα)−0.47)+1.19
(Kewley et al. 2001), we firstly select the AGN galaxies from the
MaNGA sample. After that we use the criterion
log([O III]λ5007/Hβ)=1.05log([N II]λ6583/Hα)+0.45 (Schaw-
inski et al. 2007), and further select 113 Seyfert galaxies. We
then inspect the [O III]λ5007 and Hα equivalent width (EQW)
maps of these Seyfert galaxies by eyes and find 13 of them having
bi-conical features in [O III]λ5007 EQW maps. Among these
13 galaxies, SDSS J171359.00+333625.5 is a Seyfert 2 galaxy
with the spectroscopic redshift of z ∼ 0.039, and it has the most
prominent bi-cone feature as well as interesting gas and stellar
kinematics. In this paper we will focus on this object and explore
its unusual properties.
The MaNGA data reduction pipeline (DRP) (Law et al. 2016)
provides spectral datacubes. We reanalyze the DRP spectra of this
object using the principal component analysis (PCA) method as
described in Jin et al. (2016). We directly use the principal compo-
nents (PCs) and library of model spectra given by Chen et al. (2012)
to get the velocity field of stars. We shift the best-fitting model
from −1000 km s−1 to 1000 km s−1 by a step size of 2 km s−1.
For each step, we calculate the reduced χ2 between the best-fitting
model and the observed spectrum. The velocity of stars at a certain
spaxel is determined by the fit with the lowest χ2 value. After that,
we model the stellar continuum of each spectrum using the BC03
(Bruzual & Charlot 2003) stellar population synthesis models and
separate the stellar continuum and absorption lines from the nebular
emission lines. The best-fitting continuum model is then subtracted
from the observed spectrum to give the pure emission line spec-
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trum. Each emission line is then fitted with one Gaussian compo-
nent using MPFIT (Markwardt 2009). We include [O II]λ3727, Hβ,
[O III]λλ4959,5007, Hα, [N II]λλ6548,6584, [S II]λλ6717,6731
emission lines in our line fitting. The center and width of these lines
are not tied with each other. We limit the shift of the line center to
be in the range of [−300, 300] km s−1 after redshift correction.
The line widths are limited by the range of [0, 500] km s−1.
3 PROPERTIES OF SDSS J171359.00+333625.5
3.1 Kinematics
3.1.1 Counter-rotating Gas and Stellar Components
In Figure 1, we show the gas and stellar kinematics of SDSS
J171359.00+333625.5. Figure 1a is the SDSS g, r, i color image.
Figure 1b shows the stellar velocity field for the spaxels with spec-
tral signal-to-noise ratio (S/N) larger than 2 per pixel. Figure 1c
shows the [O III]λ5007 velocity field for spaxels with [O III]λ5007
S/N larger than 3. Figure 1d shows the Hα velocity field for spax-
els with Hα emission line S/N larger than 3. The position angles
of gas and stellar velocity fields are measured using the IDL pack-
age KINEMETRY (Krajnovic´ et al. 2006). The position angle (PA)
is defined as the counter-clockwise angle between north and a line
that bisects the velocity field of gas or stars on the receding side.
The black solid lines in Figure 1b and 1c mark the PAs of gas
and stellar velocity fields. The kinematic misalignment between
gas and stars is defined as ∆PA = |PAgas - PA∗|, where PAgas
is the PA of ionized gas and PA∗ is the PA of stars. It turns out
that SDSS J171359.00+333625.5 is a counter-rotator with∆PA ∼
179.8◦. Comparing the rotation in the [O III]λ5007 and Hα veloc-
ity fields, we find that the Hα tends to trace the gaseous disk, while
the [O III]λ5007 extends to the bi-cone region. We then build a pure
circular disk rotation field expressed as
V (R,ψ) = V0 + Vc(R) sin i cosψ, (1)
where R is the radius of a circular ring in the galactic plane, V0 is
the systemic velocity, Vc is the circular velocity at radius R and ψ
is the azimuthal angle measured from the major-axis in the galactic
plane (Krajnovic´ et al. 2006) with a coverage of [-pi/2, pi/2]. V0 ap-
proaches zero after the redshift correction, and Vc(R) is defined as
the Hα rotation velocity along the major-axis. Figure 1e shows the
circular disk model. We subtract the disk model from [O III]λ5007
velocity field. The residuals are shown in Figure 1f.
The inclination angle (i) is calculated using the algorithm
given by Hubble (1926), in which the observed axis ratio is com-
pared to the intrinsic value q0. We use KINEMETRY to fit the
galaxy axis ratio (q), and the result is q = 0.28. The relation be-
tween the inclination angle and axial ratio is given by
cos2 i =
q2 − q20
1− q20
(2)
(Hubble 1926), where q0 = 0.2. By following this equation we esti-
mate that SDSS J171359.00+333625.5 is a nearly edge-on galaxy
with i = 78◦.
Chen et al. (2016) identified nine blue star forming counter-
rotators fromMaNGA, whose gas and stars have∆PA> 150◦. The
central regions of blue counter-rotators have younger stellar popu-
lations and more intense, ongoing star formation than their out-
skirts (Bizyaev et al. 2019). All these phenomena suggest a picture
in which the progenitor accretes the counter-rotating gas from the
cosmic web or gas-rich dwarf galaxies, followed by redistribution
of the angular momentum through the gas-gas collisions between
the external and pre-existing gas. These counter-rotators largely ac-
celerate gas inflows, leading to the fast centrally-concentrated star
formation. As the gas flows into the central regions and feeds the
central black hole, we expect to see activation of the AGN. This is
the case of SDSS J171359.00+333625.5, a Seyfert 2 galaxy with
bolometric AGN luminosity of 1.19×1044 erg s−1.
3.1.2 Different [O III]λ5007 and Hα Kinematics
Figure 1c and 1d show an evidence that Hα rotates in the same di-
rection but faster than [O III]λ5007. To quantify the difference on
rotation velocity between the [O III]λ5007 and Hα, we show the
residual velocity (V[OIII] − VHα) in Figure 2a. It is clear that this
residual map is not a random fluctuation, but more resembles a reg-
ular rotation. The rotation evidence can also be found in Figure 1f
(at least along the major-axis), which shows the residuals between
[O III]λ5007 rotation and the circular disk model. The first impres-
sion is that the pattern of residuals is consistent with kinematics of
stars. To minimize the influence of gas kinematics in the bi-conical
outflows, we focus on the spaxels located along the major axis.
Figure 2b shows the relation between V[OIII] and VHα along the
major-axis, and it is obvious from this panel that the velocity of Hα
is higher than [O III]λ5007 at the same spaxels. We show the cor-
relation between VStars and (V[OIII] − VHα) along the major-axis
in Figure 2c. The blue dots (with Y-position in the range of −3∼ 4
arcsec) roughly follow the one-to-one correlation. Over this range
outlined with the black dots, the difference between [O III]λ5007
and Hα decreases as the radius increases. In Figure 2d, we show
(V[OIII] − VHα) (black dots) and VStars (red dots) as a function
of Y-position for clearer exhibition. In Figure 2d, we can see that
the stellar velocity does not change smoothly with radii and it has a
turnover at |Y| ∼ 5, which is roughly consistent with the turn-over
position of the difference (V[OIII] − VHα).
In Figure 3a and 3b, we show the velocity dispersion fields of
[O III]λ5007 and Hα, respectively. We find that Hα velocity dis-
persion peaks at the galaxy center while [O III]λ5007 peaks at the
bi-cone region. Figure 3c shows the gas velocity dispersion as a
function of the Y-position along major-axis. Again, we find dif-
ferent behaviors of [O III]λ5007 and Hα, that Hα velocity disper-
sion peaks at the center and decreases as radius increases, while
[O III]λ5007 velocity dispersion keeps roughly being constant of
100 km s−1 along major-axis. We understand that the Hα traces
the galaxy potential well (with a bulge in the center and a disk in
the outskirts), but the behavior of [O III]λ5007 is really wired in
both velocity and velocity dispersion.
To verify our conclusions, we check raw spectra from each
MaNGA fiber. The result of our verification ensures that interpola-
tion had negligible effect on both centers and widths of emission
lines, so the difference between [O III]λ5007 and Hα is credible.
Besides, we fit [O III]λ5007 in three schemes and the fitting results
extracted from four pixels are plotted in Figure 4 with the reduced
chi-squared values labelled in the top of each panel. The specific
positions of the four pixels are marked by red squares in the first
column of Figure 4. In the second column, we fit a Gaussian (blue)
to [O III]λ5007 and limit the velocity of line center same as Hα.
Based on these four panels we find that the difference between
[O III]λ5007 and Hα in the rotation velocity is apparent, and the
chi-squared values (χ21) are much bigger compared to other two
schemes (χ22 & χ
2
3). In the third column, we fit [O III]λ5007 with
double Gaussians and limit the two lines’ centers to share the same
rotation velocity with Hα (blue) and stars (green) respectively. If
c© RAS, MNRAS 000, 1–6
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superposed profiles (orange) optimally depict the data, then the dif-
ference between [O III]λ5007 and Hα could be the result of colli-
sion between original and accreted clumps of gas. The last column
shows a Gaussian fit to the [O III]λ5007 line (red), with the only re-
quirement that the line center displacement to range between−300
and 300 km s−1. Comparing χ22 and χ
2
3, we can tell that the best
scheme is untied single Gaussian fit (in the last column), which
means that the difference between [O III]λ5007 and Hα is caused
by other kinematic processes instead of the gas collision.
We further check the behavior of [O II]λλ3726,3729, Hβ,
[O III]λ4959, [N II]λλ6548,6584 and [S II]λλ6716,6731, and find
that the [O II]λλ3726,3729 and [O III]λ4959 have similar veloc-
ity and velocity dispersion to [O III]λ5007. At the same time, the
Hβ, [N II]λλ6548,6584 and [S II]λλ6716,6731 closely follow Hα.
In summary, the kinematics of oxygen, including rotation velocity
and velocity dispersion, is totally different from the other elements
like hydrogen, nitrogen and sulphur. On the one hand, oxygen ro-
tates slower than the other elements, although they share the same
rotation direction; on the other hand, hydrogen, nitrogen and sul-
phur follow the galaxy potential well with a central bulge plus an
outer disk while oxygen does not.
3.2 The Bi-conical, Narrow-line Region
In Figure 1c, we find that there are bi-cone like redshifted regions
(marked by the grey dashed hyperbola) in the [O III]λ5007 veloc-
ity field. In this section, we further confirm the bi-cone features
from both [O III]λ5007 EQW and BPT (Baldwin et al. 1981) di-
agrams. Figure 5b shows the BPT diagram for the spaxels whose
S/Ns in the Hβ, [O III]λ5007, Hα and [N II]λ6583 are larger than
2. Baldwin et al. (1981) demonstrated that it is possible to distin-
guish AGNs from normal star-forming galaxies by considering the
intensity ratios of two pairs of relatively strong emission lines. The
spaxels located in the AGN region are color-coded by the perpen-
dicular distance from the Kewley et al. (2001) line (black solid
line in Figure 5b). Alternatively, we can separate the shock from
the AGN emission using the demarcation line defined by Sharp,
& Bland-Hawthorn (2010). Figure 5d shows the resolved BPT di-
agram for SDSS J171359.00+333625.5. The blue pixels represent
the star forming region, the green pixels mark the composite region
of contribution from both AGN/shock and star formation, the yel-
low pixels trace the shock signal, while the orange pixels represent
the AGN region. It is clear from this resolved BPT diagram that
the disk of this galaxy is star forming (blue). The bi-cone region
dominated by the AGN radiation (orange) with weak contamina-
tion from the shocks (yellow) is located perpendicular to the disk.
The interface between galactic disk and bi-cone falls in the com-
posite region (green).
However, we keep in mind that [O III]λ5007 has totally differ-
ent kinematics (both in velocity and velocity dispersion) from the
other three BPT lines (Hα, [N II] and [S II]), which may indicate
that [O III] originates from the different regions. In Figure 5c, we
show the [O III]λ5007 EQW map. The bi-cone region (marked by
the black dashed hyperbola) with higher [O III]λ5007 EQW is ob-
vious in this panel, and this bi-cone region is larger than the kine-
matic bi-cone outflows (grey dashed hyperbola from Figure 1c).
We plot the [O III]λ5007 EQWmap over the SDSS g, r, i color im-
age to give an idea about the scale of bi-cone, see Figure 5a. The
estimated scale of bi-cone region is about 8.26 kpc, while the effec-
tive radius of SDSS J171359.00+333625.5 is only 3.99 kpc. This
means that the bi-cone spans far beyond the galaxy disk, which
also evidences that the contribution of star formation in ionization
of bi-cone is negligible.
Combining the strong [O III]λ5007 emission region in Fig-
ure 5c and the AGN region (orange) in Figure 5d (see the black
hyperbolas as guide lines), we conclude that the gas in the bi-
cone outflows is primarily ionized by the central active black hole
with negligible contribution from star formation or shocks. Taking
[O III]λ5007 as a probe of NLR, we can estimate that the opening
angle of cones is close to 80◦. Figure 5c also shows that the two
cones in this galaxy are not symmetric with respect to the galactic
mid-plane: the [O III] EQW in the eastern cone is stronger. Con-
sidering that this is not a totally edge-on galaxy with an inclination
angle of 78◦, we tend to suggest that the eastern cone is in the
front side of the disk. In this case, we observe the radiation from
the eastern cone directly, while the strength of emission from the
western cone is weakened after travelling through the clumps of
gas and dust in the galaxy disk. Difference in the strength between
[O III]λ5007 and the permitted emission lines, such as Hβ and Hα,
is primarily contributed by the disk. The extinction of the disk can
be calculated using the flux ratio Hα/Hβ. It comes out that the
Hα/Hβ ratio in the eastern part of the disk is higher than in the
west, which supports the assumption that the front cone is in the
east.
4 DISCUSSION
Figure 6a shows a deep (about two magnitudes deeper than SDSS
in g-band observation) image of SDSS J171359.00+333625.5 ob-
tained by 2.3-m Bok Telescope. From this panel, we find five blobs
(marked by red squares) around our target. Two of these blobs
are located within the MaNGA bundle (labelled by ′2 4′), and the
spectra of them show that the redshifts of these blobs are similar
to SDSS J171359.00+333625.5. Figure 6b shows the [O III]λ5007
velocity field and we can find that some blueshifted [O III]λ5007
features overlap with two blobs (marked by red stars). There is
also a blueshifted region without any obvious counterpart blob out-
side the eastern cone with X-position smaller than −7 arcsec. The
[O III]λ5007 emission along the interface of this blueshifted region
and redshifted eastern cone show double-peaked structures.
Galaxies with gas and stars counter-rotating are the key man-
ifestations of the regulation by external processes, i.e. major merg-
ers, minor mergers or gas accretion, which could bring counter-
rotating gas into the galaxies. The existence of a large number of
blobs around SDSS J171359.00+333625.5 should be the result of
interaction, which also leads to the complicate kinematics of this
galaxy. SDSS J171359.00+333625.5 holds abundant ionized gas
which is accompanied by the recycle of feeding and feedback, thus
it is a great laboratory for us to understand these physical processes
in detail. However, with MaNGA data alone, we do not plan to
over-interpret the observational results. Futher observations, like
higher S/N and spatial resolved IFU data from VLT/MUSE and
cold gas detection from ALMA, are required to uncover the myster-
ies of this galaxy. In this section, we summarise two most unusual
properties of this galaxy, and discuss the possible explanations.
4.1 Why is the Gas in the Bi-cone Region Redshifted?
It is out of our expectation that the gas (tracted by [O III]λ5007,
marked by grey dashed hyperbola in Figure 1c) in both the east-
ern and western cones are redshifted. In the typical AGN-driven
winds picture, we would find a blueshifted cone in which the gas
c© RAS, MNRAS 000, 1–6
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is moving towards the Earth and a redshifted cone where the gas
is moving away. The two redshifted cones are also shown in Fig-
ure 1f (marked by black dashed hyperbola) where the disk model
is subtracted from the [O III]λ5007 velocity field. In order to un-
derstand the origin of the redshifted kinematics in the two cones,
we go through the [O III]λ5007 structures spaxel by spaxel, finding
the evidence that the [O III]λ5007 emission lines have double peak
structures in 10 ∼ 20 spaxels between the grey and black dashed
hyperbolas in Figure 1c. However, both the resolution and S/N of
these spectra are not high enough for us to separate the two kine-
matic components robustly. Thus, we can only list the possible ex-
planations in this section.
One possible explanation is that the projected velocity field of
gas is a combination of both galactic winds in the bi-cone and rota-
tion of the disk. Figure 7a shows a schematic drawing of winds
along the bi-conical surface centered on the nucleus of a disk-
shaped galaxy (Heckman et al. 1990), whose spatial structure is
similar to M82 (Bland, & Tully 1988). The cone’s axis (dashed hor-
izontal line) extends along the minor-axis of the disk. In the first
quadrant (the top half of western cone), the projected velocity of
winds along the line-of-sight is redshifted, and the disk rotation will
lead to a blueshifted velocity along the line-of-sight. We find red-
shifted kinematics because this region is winds dominated, while
the blueshifted disk hides behind the cone. The redshifted cone in
the second quadrant (top-east) can be explained in a similar way.
In the third and fourth quadrants (the bottom-east and bottom-west
cones), the projected velocity is a combination of redshifted disk
rotation and blueshifted winds, and it is disk dominated in these
two quadrants since the disk is not blocked by the winds.
Crenshaw et al. (2015) studied the outflows in NGC 4151
(quite similar to SDSS J171359.00+333625.5 in the spatial struc-
ture of bi-cone outflows and disk), and concluded that the peak
mass outflow rate in NLR is 3.0 M⊙ yr
−1. As we know, the
gas inflow rate should be much larger than this value since most
part of the gas has formed (or is forming) stars in the disk, an-
other part has flown into the central black hole. Thus, we expect
strong gas inflows in SDSS J171359.00+333625.5, which is just
like the NGC 4151. The counter-rotating gas and stellar kinemat-
ics also supports this expectation since the collision between ac-
creted counter-rotating gas and pre-existing gas will lead to the re-
distribution of angular momentum and trigger strong gas inflows
(Chen et al. 2016; Jin et al. 2016). Figure 6a gives the evidence that
SDSS J171359.00+333625.5 is a complicated system with not only
galactic winds and disk components, but also the surrounding blobs
that could be the source of accretion gas.
Considering the existence of strong inflows in this galaxy, here
comes another possibility that great amount of gas in the disk is
being efficiently accreted into the central black hole, and the central
AGN feedback is blowing the ionized gas out along the bi-cone.
A geometric model and its planform are given in Figure 7b and
7c. An important point in this model is confirming the reality that
the AGN-driven outflows are not necessarily perpendicular to the
disk (which has been illustrated in the latter part of introduction).
Generally speaking, [O III]λ5007 in the east is mainly contributed
by the front cone (dark-red cone in Figure 7b), and all the winds
in this region are redshifted. The blueshifted inflows along the disk
are too weak to affect the line center of [O III]λ5007, but can result
in the double peaked structures in emission lines. The emission in
the west is mainly contributed by the inflowing gas along the disk,
which is close to the line-of-sight (lower grey arrow in Figure 7c).
Another question we need to figure out is why all the blueshited
winds seem to have negligible effect on the projected velocity field
in the west. The V -band extinction reveals that disk is optically
thick in this region, so the radiation from the western cone is greatly
weakened.
4.2 Is the Special Kinematics of Oxygen Element a Mystery?
As discussed in 3.1.2, the behavior of [O III]λ5007 is really wired
in both velocity and velocity dispersion. Figure 1c and 1d show
that [O III]λ5007 and Hα share the same direction in rotation, but
Hα rotates faster than [O III]λ5007. As we know, [O III]λ5007
is a forbidden line which is collision excited and can only exist
in the low density region, while Hα emission is photo-ionization
excited. If this is the origin of special kinematics of oxygen ele-
ment, we would expect to find similar behavior in the other forbid-
den lines, i.e. [N II]λλ6548,6584 and [S II]λλ6716,6731. However,
the truth is that only [O II]λλ3726,3729 and [O III]λ4959 share
similar velocity and velocity dispersion with [O III]λ5007. While
Hβ, [N II]λλ6548,6584 and [S II]λλ6716,6731 have similar veloc-
ity and velocity dispersion to Hα. The second possibility is that
[O III]λ5007 is more sensitive to shock than Hα. However, we keep
in mind that we are presenting the velocity and velocity dispersion
along major-axis where we do not expect strong shock generated
from the interaction between winds and the interstellar medium.
We have to admit that we do not quite understand the origin of the
wired kinematics behavior of [O III]λ5007.
5 SUMMARY
In this paper, we study the kinematic properties of a local edge-
on Seyfert galaxy, SDSS J171359.00+333625.5, with X-shaped bi-
cone ionized by AGN. The spatially resolved data from MaNGA
survey provide us an opportunity to uncover the specific kinematics
of feeding and feedback.
• The gas and stellar components are counter-rotating with re-
spect to each other. Collision between the pre-existing and accreted
gas can re-distribute the angular momentum and lead to the gas
inflow.
• The kinematics of oxygen traced by the [O II]λ3727,3729
and [O III]λ4959,5007 lines, including the gas rotation velocity
and velocity dispersion, is totally different from the other elements
like hydrogen (as traced by Hβ & Hα), nitrogen (as traced by
[N II]λλ6548,6584) and sulfur (as traced by [S II]λλ6716,6731).
We notice that oxygen rotates slower than the other elements. On
the other hand, nitrogen, sulfur and hydrogen follow the galaxy po-
tential with higher velocity dispersion in the central region of bulge
and decrease as radius increases towards the disk region, whereas
the velocity dispersion of oxygen keeps being roughly a constant
over the major-axis.
• The distribution of [O III] EQW is completely consistent
with the X-shaped bi-cone, suggesting that the gas is primarily ion-
ized by the central active black hole. The ionized gas in bi-cone
region is receding with respect to the center.
• Two possible models can be used to explain the redshift in
the bi-cone region. One is that the projected velocity field of gas
is a combination of both winds in the bi-cone and the rotation of
the disk. Another possibility is that great amount of gas in the disk
is being efficiently accreted into the central black hole, and the
blue-shifted winds in the west are totally obscured by the disk.
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Figure 1. a: SDSS g, r, i color image of the galaxy. The purple hexagon shows the MaNGA bundle allocation. b: The stellar velocity field for spaxels with
spectral S/N large than 2 per pixel. The black solid line represents the major-axis of stellar rotation. c: The [O III]λ5007 velocity field for spaxels with
[O III]λ5007 S/N larger than 3. The black solid line represents the major-axis of gas rotation. The grey hyperbola shows the edge of the kinematic bi-cone, the
black hyperbola shows the edge of photo-ionized bi-cone. d: The Hα velocity field for spaxels with Hα emission line S/N larger than 3. e: The circular disk
model. f: Residual (V[OIII] - VCirc) after subtracting the disk modal from the [O III]λ5007 velocity field. The black hyperbola outlines the edge of ionized
bi-cone.
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Figure 2. a: The difference (V[OIII] - VHα) between the [O III]λ5007 and Hα velocity. The black solid line represents the major-axis. b: Relation between
V[OIII] and VHα along major-axis. The grey solid line shows the one-to-one correlation, and the grey dashed line marks the region where V[OIII] equals to
zero. c: Relation between the VStars and (V[OIII] - VHα) along major-axis. The grey solid line shows the one-to-one correlation. The blue dots represent
spaxels with Y-position in the range of -3∼4 arcsec, the black dots represent spaxels with Y-position over this range. d: The gas velocity as a function of the
Y-position along major-axis. The red dots trace the velocity of stars, the black dots represent the residual (V[OIII] - VHα).
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Figure 4. The first column: The difference (V[OIII] - VHα) between the [O III]λ5007 and Hα velocity. The black dashed lines represent the major-axis. The
red squares mark the pixels from which the spectra are subtracted. The second column: The [O III]λ5007 emission lines with error bar in each data points
(black) and Gaussian fit (blue), which shares the same rotation velocity with Hα. The vertical blue dashed line corresponds to the velocity at the Hα line
center. The third column: The black and blue profiles are same as in the second column. The Gaussian fit, which shares same rotation velocity with stars, is
shown in green color. The orange profiles demonstrate the superposition of two Gaussian fits. The vertical blue and green dashed lines represent the velocity
of Hα and stars, respectively. The last column: The black profiles are the same as in the second column. The red profiles show the single Gaussian fit with the
shifted line center. The shift is limited by the range of [−300, 300] km s−1.
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Figure 6. a: A deep image of SDSS J171359.00+333625.5 obtained by 2.3-m Bok Telescope. The red squares mark five blobs around the galaxy. Two blobs
labelled as ′2 4′ are located within MaNGA bundle and share similar redshift with SDSS J171359.00+333625.5. b: The [O III]λ5007 velocity field for spaxels
with [O III]λ5007 S/N larger than 3. The red squares mark the same positions as in the panel a. The red stars correspond to blobs ′2 4′ which located within
the [O III]λ5007 velocity field.
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